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Aqueous  sizing  compositions. 

Described  are  sizing  compositions  in  the  form  of 
aqueous  dispersions  comprising  a  hydrophobic  cellulose- 
reactive  sizing  agent  such  as  a  ketene  dimer,  fortified  rosin 
and  a  water-soluble,  nitrogen-containing  cationic  dispersing 
agent.  The  compositions  are  highly  efficient  internal  or 
surface  sizing  agents  for  paper  and  maximize  the  advantages 
of  each  sizing  component  while  minimizing  the  disadvan- 
tages. 



T h i s   i n v e n t i o n   r e l a t e s   to   p a p e r   s i z i n g   c o m p o s i t i o n s   a n d  

more  p a r t i c u l a r l y   to   a q u e o u s   c o m p o s i t i o n s   c o n t a i n i n g   h y d r o -  

p h o b i c   c e l l u l o s e - r e a c t i v e   s i z e s   and  f o r t i f i e d   r o s i n .  

A q u e o u s   d i s p e r s i o n s   c o n t a i n i n g   f i n e l y   d i v i d e d   p a r t i c l e s  

of  f o r t i f i e d   r o s i n ,   a  w a t e r - s o l u b l e   c a t i o n i c   r e s i n   d i s p e r s i n g  

a g e n t   and  w a t e r   a r e   d e s c r i b e d   by  A l d r i c h   in  U . S . P .   3 , 9 6 6 , 6 5 4 .  

The  a q u e o u s   f o r t i f i e d   r o s i n   d i s p e r s i o n s   a r e   u s e f u l   as  i n t e r n a l  

or  s u r f a c e   s i z i n g   a g e n t s   f o r   p a p e r .   S i z i n g   p e r f o r m a n c e ,   h o w -  

e v e r ,   i s   d e p e n d e n t   on  b o t h   pH  and  c o n c e n t r a t i o n   and  i t   i s  

n e c e s s a r y   to   u s e   g r e a t e r   t h a n   a b o u t   0.1%  f o r t i f i e d   r o s i n   b a s e d  

on  t h e   d ry   w e i g h t   of  t h e   p u l p   ( t h e   c r i t i c a l   l e v e l )   and  t o  

c a r r y   o u t   s i z i n g   in   a c i d i c   s y s t e m s   to   a c h i e v e   good   s i z i n g  

e f f i c i e n c y .  

S i z i n g   c o m p o s i t i o n s   w h i c h   a r e   a q u e o u s   e m u l s i o n s   or  d i s -  

p e r s i o n s   of  a  h y d r o p h o b i c   c e l l u l o s e - r e a c t i v e   s i z i n g   a g e n t   s u c h  

as  a  k e t e n e   d i m e r   and  a  n o n i o n i c ,   a n i o n i c   or  c a t i o n i c   d i s p e r s -  

ing  a g e n t   a r e   a l s o   known.   The  c e l l u l o s e - r e a c t i v e   s i z i n g  

a g e n t s   and  p a r t i c u l a r l y   t h e   k e t e n e   d i m e r   s i z i n g   a g e n t s   h a v e  

become  c o m m e r c i a l l y   i m p o r t a n t   s i n c e   s i z i n g   can   be  e f f e c t e d  

u n d e r   a l k a l i n e   c o n d i t i o n s   w h i c h   do  no t   a d v e r s e l y   e f f e c t   t h e  

p a p e r   s t r e n g t h   and  h i g h e r   s i z i n g   can  be  a c h i e v e d   a t   a  l o w e r  

c r i t i c a l   l e v e l   t h a n   i s   r e a l i z a b l e   w i t h   r o s i n   s i z e s .   They  s u f -  

f e r   one  s e r i o u s   d r a w b a c k ,   h o w e v e r ,   in  t h a t   d r y i n g   i s   r e q u i r e d  

f o r   i n i t i a l   s i z i n g   to   d e v e l o p   and  t h e   u l t i m a t e   s i z i n g   w h i c h  

can  be  e x p e c t e d   d o e s   no t   d e v e l o p   f o r   a  s i g n i f i c a n t   p e r i o d   o f  

t i m e   d e p e n d i n g   upon   t h e   c o n d i t i o n s   of  u s e .  

One  a p p r o a c h   w h i c h   has   b e e n   s u g g e s t e d   f o r   a c c e l e r a t i n g  

s i z e   d e v e l o p m e n t   w i t h   c e l l u l o s e - r e a c t i v e   s i z e s   i n v o l v e s   a d d i n g  

c e r t a i n   w a t e r - s o l u b l e   c a t i o n i c   t h e r m o s e t t i n g   r e s i n s   to   t h e  

d i s p e r s i o n s .   C o m p o s i t i o n s   of  t h i s   t y p e   a r e   d e s c r i b e d ,   f o r  



e x a m p l e ,   in  B r i t i s h   p a t e n t   1 , 5 3 3 , 4 3 4   and  U . S . P .   4 , 2 4 0 , 9 3 5 .  

A l t h o u g h   t h e s e   c o m p o s i t i o n s   p r o v i d e   s u b s t a n t i a l   i m p r o v e m e n t  

in  t h e   r a t e   of  s i z e   d e v e l o p m e n t ,   c o m p l e t e   d r y i n g   i s   r e q u i r e d  

to  a c h i e v e   u l t i m a t e   s i z i n g .   Wi th   g r o u n d   wood  p u l p   and  o t h e r  

d i f f i c u l t - t o   s i z e   p u l p s ,   h o w e v e r ,   a g i n g   i s   r e q u i r e d   to   a c h i e v e  

u l t i m a t e   s i z i n g .  

Now  in  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n   t h e r e   a r e   p r o v i d e d  

a q u e o u s   d i s p e r s i o n s   w h i c h   c o n t a i n   b o t h   f o r t i f i e d   r o s i n   a n d  

c e l l u l o s e - r e a c t i v e   s i z e s   and  w h i c h ,   s u r p r i s i n g l y ,   o v e r c o m e   t h e  

d i s a d v a n t a g e s   i n h e r e n t   to   t h e   u se   of  e i t h e r   of  t h e   c o m p o n e n t s  

i n d i v i d u a l l y .   The  d i s p e r s i o n s   of  t h i s   i n v e n t i o n   a l s o   p r o v i d e  

t h e   a d v a n t a g e s   of  t h e   i n d i v i d u a l   c o m p o n e n t s   and  a d d i t i o n a l l y  

p r o v i d e   h i g h e r   and  more   r a p i d   s i z i n g   t h a n   wou ld   be  e x p e c t e d  

f rom  e i t h e r   c o m p o n e n t   a l o n e .  

The  a q u e o u s   d i s p e r s i o n s   of  t h i s   i n v e n t i o n   h a v e   as  t h e  

c o n t i n u o u s   p h a s e   an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   a t   l e a s t   o n e  

w a t e r - s o l u b l e   n i t r o g e n - c o n t a i n i n g   c a t i o n i c   d i s p e r s i n g   a g e n t  

and  as  t h e   d i s p e r s e d   p h a s e   (a)   f i n e l y   d i v i d e d   p a r t i c l e s   o f  

f o r t i f i e d   r o s i n   and  (b)  f i n e l y   d i v i d e d   p a r t i c l e s   of  a  h y d r o -  

p h o b i c   c e l l u l o s e - r e a c t i v e   s i z i n g   a g e n t   s e l e c t e d   f rom  t h e   g r o u p  

c o n s i s t i n g   of  k e t e n e   d i m e r s ,   o r g a n i c   a c i d   a n h y d r i d e s ,   o r g a n i c  

i s o c y a n a t e s   and  m i x t u r e s   t h e r e o f ,   t h e   w e i g h t   r a t i o   of  ( a ) : ( b )  

in  t h e   d i s p e r s e d   p h a s e   b e i n g   w i t h i n   t h e   r a n g e   of  0 . 1 : 1   to   1 0 : 1  

and  t h e   a m o u n t   of  d i s p e r s i n g   a g e n t   b e i n g   w i t h i n   t h e   r a n g e   o f  

a b o u t   5  to   a b o u t   140%  b a s e d   on  t h e   w e i g h t   of  t h e   d i s p e r s e d  

p h a s e .  

The  f o r t i f i e d   r o s i n   c o m p o n e n t   of  t h e   d i s p e r s e d   p h a s e   i s  

t h e   a d d u c t   r e a c t i o n   p r o d u c t   of  r o s i n   and  an  a c i d i c   c o m p o u n d  

c o n t a i n i n g   t h e  

g r o u p   and  i s   d e r i v e d   by  r e a c t i n g   r o s i n   and  t h e   a c i d i c   c o m p o u n d  

at   e l e v a t e d   t e m p e r a t u r e s   of  f r o m   a b o u t   150°C .   to  a b o u t   2 1 0 ° C .  

The  a m o u n t   of  a c i d i c   c o m p o u n d   e m p l o y e d   w i l l   be  t h a t  

a m o u n t   w h i c h   w i l l   p r o v i d e   f o r t i f i e d   r o s i n   c o n t a i n i n g   f r o m  

a b o u t   1%  to  a b o u t   12%  by  w e i g h t   of  a d d u c t e d   a c i d i c   c o m p o u n d  



b a s e d   on  t h e   w e i g h t   of  t h e   f o r t i f i e d   r o s i n .   M e t h o d s   of  p r e -  

p a r i n g   f o r t i f i e d   r o s i n   a r e   d i s c l o s e d   and  d e s c r i b e d   in  U . S .  

P a t e n t   Nos.   2 , 6 2 8 , 9 1 8   and  2 , 6 8 4 , 3 0 0 ,   r e f e r e n c e   to   w h i c h   i s  

h e r e b y   m a d e .  

E x a m p l e s   of  a c i d i c   c o m p o u n d s   c o n t a i n i n g   t h e  

g r o u p   t h a t   can   be  u s e d   to   p r e p a r e   t h e   f o r t i f i e d   r o s i n   i n c l u d e  

t h e   a l p h a - b e t a - u n s a t u r a t e d   o r g a n i c   a c i d s   and  t h e i r   a v a i l a b l e  

a n h y d r i d e s ,   s p e c i f i c   e x a m p l e s   of  w h i c h   i n c l u d e   f u m a r i c   a c i d ,  

m a l e i c   a c i d ,   a c r y l i c   a c i d ,   m a l e i c   a n h y d r i d e ,   i t a c o n i c   a c i d ,  

i t a c o n i c   a n h y d r i d e ,   c i t r a c o n i c   a c i d ,   and  c i t r a c o n i c   a n h y d r i d e .  

M i x t u r e s   of  a c i d s   can   be  u s e d   to   p r e p a r e   t h e   f o r t i f i e d   r o s i n  

i f   d e s i r e d .   A l s o   m i x t u r e s   of  d i f f e r e n t   f o r t i f i e d   r o s i n s   c a n  
be  u s e d   i f   d e s i r e d .   T h u s ,   f o r   e x a m p l e ,   a  m i x t u r e   of  t h e  

a c r y l i c   a c i d   a d d u c t   of  r o s i n   and  t h e   f u m a r i c   a c i d   a d d u c t   c a n  

be  u s e d   to   p r e p a r e   t h e   n o v e l   d i s p e r s i o n s   of  t h i s   i n v e n t i o n .  

A l s o   f o r t i f i e d   r o s i n   t h a t   h a s   b e e n   s u b s t a n t i a l l y   c o m p l e t e l y  

h y d r o g e n a t e d   a f t e r   a d d u c t   f o r m a t i o n   can  be  u s e d .  

The  f o r t i f i e d   r o s i n   can   be  e x t e n d e d   i f   d e s i r e d   by  k n o w n  

e x t e n d e r s   t h e r e f o r   s u c h   as  w a x e s   ( p a r t i c u l a r l y   p a r a f f i n   wax  

and  m i c r o c r y s t a l l i n e   w a x ) ;   h y d r o c a r b o n   r e s i n s   i n c l u d i n g   t h o s e  

d e r i v e d   f r o m   p e t r o l e u m   h y d r o c a r b o n s   and  t e r p e n e s ;   and  t h e  

l i k e .   T h i s   i s   a c c o m p l i s h e d   by  b l e n d i n g   w i t h   t h e   f o r t i f i e d  

r o s i n   f r o m   a b o u t   10%  to   a b o u t   100%  by  w e i g h t   b a s e d   on  t h e  

w e i g h t   of  f o r t i f i e d   r o s i n   of  t h e   f o r t i f i e d   r o s i n   e x t e n d e r .  

A l s o ,   b l e n d s   of  f o r t i f i e d   r o s i n   and  r o s i n ,   and  b l e n d s   o f  

f o r t i f i e d   r o s i n ,   r o s i n   and  r o s i n   e x t e n d e r   can   be  u s e d .   F o r t i -  

f i e d   r o s i n - - r o s i n   b l e n d s   w i l l   c o m p r i s e   a b o u t   25%  to  95%  f o r t i -  

f i e d   r o s i n   and  a b o u t   75%  to  5%  r o s i n .   B l e n d s   of  f o r t i f i e d  

r o s i n ,   r o s i n ,   and  r o s i n   e x t e n d e r   w i l l   c o m p r i s e   a b o u t   25%  t o  

45%  f o r t i f i e d   r o s i n ,   a b o u t   5%  to   50%  r o s i n ,   and  a b o u t   5%  t o  

50%  r o s i n   e x t e n d e r .  

If   r o s i n   ( t h a t   i s ,   u n f o r t i f i e d   r o s i n )   is   u s e d   in   c o m b i n a -  

t i o n   w i t h   f o r t i f i e d   r o s i n ,   i t   can   be  any  of  t h e   c o m m e r c i a l l y  

a v a i l a b l e   t y p e s   of  r o s i n ,   s u c h   as  wood  r o s i n ,   gum  r o s i n ,   t a l l  



o i l   r o s i n ,   and  m i x t u r e s   of  any  two  or  m o r e ,   in  t h e i r   c r u d e   o r  

r e f i n e d   s t a t e .   P a r t i a l l y   or  s u b s t a n t i a l l y   c o m p l e t e l y   h y d r o -  

g e n a t e d   r o s i n s   and  p o l y m e r i z e d   r o s i n s ,   as  w e l l   as  r o s i n s   t h a t  

h a v e   b e e n   t r e a t e d   to   i n h i b i t   c r y s t a l l i z a t i o n   s u c h   as  by  h e a t  

t r e a t m e n t   or  r e a c t i o n   w i t h   f o r m a l d e h y d e ,   can   be  e m p l o y e d .  

A q u e o u s   d i s p e r s i o n s   c o n t a i n i n g   f i n e l y   d i v i d e d   p a r t i c l e s  

of  f o r t i f i e d   r o s i n   a r e   c o m m e r c i a l l y   a v a i l a b l e .   One  m e t h o d  

f o r   p r e p a r i n g   s u c h   d i s p e r s i o n s   i s   d e s c r i b e d   by  A l d r i c h   in  U . S .  

P a t e n t   3 , 9 6 6 , 6 5 4   and  i n v o l v e s   f i r s t   d i s s o l v i n g   t h e   f o r t i f i e d  

r o s i n   in   a  w a t e r - i m m i s c i b l e   o r g a n i c   s o l v e n t   t h e r e f o r   s u c h   a s ,  

f o r   e x a m p l e ,   b e n z e n e ,   x y l e n e ,   c h l o r o f o r m ,   m e t h y l e n e   c h l o r i d e  

and  1 , 2 - d i c h l o r o p r o p a n e .   M i x t u r e s   of  two  or  more  s o l v e n t s  

can   be  u s e d   i f   d e s i r e d .   The  s e l e c t e d   s o l v e n t   w i l l   a l s o   b e  

n o n r e a c t i v e   t o   t h e   c o m p o n e n t s   of   t h e   a q u e o u s   d i s p e r s i o n   to  b e  

s u b s e q u e n t l y   p r e p a r e d .   The  o r g a n i c   s o l v e n t - f o r t i f i e d   r o s i n  

s o l u t i o n   i s   t h e n   m i x e d   w i t h   an  a q u e o u s   s o l u t i o n   of  a  c a t i o n i c  

d i s p e r s i n g   a g e n t   to   p r o v i d e   an  e m u l s i o n   w h i c h   i s   e s s e n t i a l l y  

u n s t a b l e   and  in   w h i c h   t h e   o r g a n i c   s o l v e n t - f o r t i f i e d   r o s i n  

s o l u t i o n   f o r m s   t h e   d i s p e r s e d   p h a s e .   The  e s s e n t i a l l y   u n s t a b l e  

a q u e o u s   e m u l s i o n   i s   t h e n   s u b j e c t e d   to   e x t r e m e   s h e a r   to   p r o v i d e  

an  e s s e n t i a l l y   s t a b l e   a q u e o u s   e m u l s i o n .   E x t r e m e   s h e a r   i s   c o n -  

v e n i e n t l y   a c c o m p l i s h e d   by  m e a n s   of  an  h o m o g e n i z e r .   Thus  p a s s -  

i n g ,   a t   l e a s t   o n c e ,   t h e   u n s t a b l e   a q u e o u s   e m u l s i o n   t h r o u g h   a n  

h o m o g e n i z e r   u n d e r   a  p r e s s u r e   of  t h e   o r d e r   of  f rom  a b o u t   1 0 0 0  

p . s . i . g .   to   a b o u t   8000  p . s . i . g . ,   w i l l   p r o v i d e   an  e s s e n t i a l l y  

s t a b l e   e m u l s i o n .   S u b s e q u e n t l y ,   t h e   o r g a n i c   s o l v e n t   c o m p o n e n t  

of  t h e   e m u l s i o n   i s   r e m o v e d   f r o m   t h e   e m u l s i o n   and  t h e r e   i s   p r o -  
v i d e d   an  e s s e n t i a l l y   s t a b l e   a q u e o u s   d i s p e r s i o n   of  f o r t i f i e d  

r o s i n   p a r t i c l e s .   A l t e r n a t i v e l y ,   t h e   o r g a n i c   s o l v e n t - f o r t i f i e d  

r o s i n   s o l u t i o n   c an   be  m i x e d   w i t h   an  a q u e o u s   s o l u t i o n   of  a  

c a t i o n i c   d i s p e r s i n g   a g e n t   in   an  a m o u n t   to   p r o v i d e   a  s t a b l e  

w a t e r - i n - o i l   e m u l s i o n   w h i c h   i s   s u b s e q u e n t l y   i n v e r t e d   to   a  

s t a b l e   o i l - i n - w a t e r   e m u l s i o n   by  t h e   r a p i d   a d d i t i o n   of  w a t e r  

w i t h   v i g o r o u s   s t i r r i n g .   The  o r g a n i c   s o l v e n t   i s   s u b s e q u e n t l y  

r e m o v e d ,   as  by  d i s t i l l a t i o n   u n d e r   r e d u c e d   p r e s s u r e .  

The  d i s p e r s i n g   a g e n t   can   be  any  of  t h e   known  d i s p e r s i n g  

a g e n t s   f o r   r o s i n   s i z e   and  can   be  n o n i o n i c ,   a n i o n i c   or  c a t i o n i c  



in  n a t u r e .   P a r t i c u l a r l y   p r e f e r r e d   a r e   t h e   c a t i o n i c   t h e r m o s e t -  

t i n g   w a t e r - s o l u b l e   p o l y a m i n o p o l y a m i d e - e p i c h l o r o h y d r i n   r e s i n s ,  

a l k y l e n e p o l y a m i n e - e p i c h l o r o h y d r i n   r e s i n s   and  t he   p o l y ( d i a l l y l -  

a m i n e ) - e p i c h l o r o h y d r i n s   r e s i n s .   T h e s e   r e s i n s   a r e   d e s c r i b e d   i n  

U.S.   P a t e n t s   2 , 9 2 6 , 1 1 6 ,   2 , 9 2 6 , 1 5 4   and  3 , 7 0 0 , 6 2 3   as  w e l l   a s  

3 , 9 6 6 , 6 5 4 .  

A n o t h e r   m e t h o d   f o r   p r e p a r i n g   a q u e o u s   d i s p e r s i o n s   of  f o r -  

t i f i e d   r o s i n   i s   d e s c r i b e d   by  A l d r i c h   in   U .S .   P a t e n t   3 , 8 1 7 , 7 6 8 .  

T h i s   m e t h o d   i n v o l v e s   f i r s t   f o r m i n g   an  u n s t a b l e   a q u e o u s   d i s p e r -  

s i o n   c o n t a i n i n g   f o r t i f i e d   r o s i n   and  a  s m a l l   amoun t   of  a  s a l t  

of  r o s i n   b a s e   m a t e r i a l ,   as  a  d i s p e r s i n g   a g e n t ,   h e a t i n g   t h e  

u n s t a b l e   d i s p e r s i o n   t o   a b o u t   1 5 0 ° C .   t o   a b o u t   1 9 5 ° C .   and  t h e n  

s u b j e c t i n g   t h e   h e a t e d   d i s p e r s i o n   to   e x t r e m e   s h e a r ,   as  by  p a s s -  

ing   t h r o u g h   an  h o m o g e n i z e r   u n d e r   a  p r e s s u r e   of  f rom  a b o u t   2 0 0 0  

to  a b o u t   8000  p . s . i .   to   p r o v i d e   an  e s s e n t i a l l y   s t a b l e   d i s p e r -  

s i o n .   O t h e r   a n i o n i c   d i s p e r s i n g   a g e n t s   s u c h   as  t h e   s a l t s   o f  

a l k y l a r y l   s u l f o n i c   a c i d ,   s a l t s   of  d i a l k y l   e s t e r s   of  s u l f o s u c -  

c i n i c   a c i d ,   s a l t s   of  a l k y l   h a l f   e s t e r s   of  s u l f u r i c   a c i d   a n d  

s a l t s   of  a l k y l p h e n o x y   ( p o l y e t h y l e n e o x y )   e t h a n o l   h a l f   e s t e r s  

of  s u l f u r i c   a c i d   a r e   a l s o   s a i d   to   be  u s e f u l   in  t h i s   m e t h o d   i n  

A u s t r a l i a n   p a t e n t   4 8 3 , 3 4 9 .  

Yet   a n o t h e r   s u i t a b l e   m e t h o d   f o r   p r e p a r i n g   a q u e o u s   f o r t i -  

f i e d   r o s i n   d i s p e r s i o n s   i s   d e s c r i b e d   by  H u g h e s   et  al   in  U . S .  

P a t e n t   4 , 1 9 9 , 3 6 9 .   T h i s   m e t h o d   i s   an  i n v e r s i o n   p r o c e s s   a n d  

i n v o l v e s   a d d i n g   a  s o l u t i o n   of  c e r t a i n   w a t e r - s o l u b l e   a n i o n i c  

d i s p e r s i n g   a g e n t s   in   w a t e r   to   m o l t e n   f o r t i f i e d   r o s i n   w i t h  

c o n t i n u o u s   a g i t a t i o n   to   f o rm  a  w a t e r - i n - o i l   e m u l s i o n   and  t h e n  

a d d i n g   ho t   w a t e r   w i t h   v i g o r o u s   s t i r r i n g   u n t i l   t he   e m u l s i o n  

i n v e r t s ,   t h e   w a t e r   b e c o m i n g   t h e   c o n t i n u o u s   p h a s e   and  t h e   r o s i n  

b e c o m i n g   t h e   d i s p e r s e d   p h a s e .   The  p r e f e r r e d   d i s p e r s i n g   a g e n t s  
u s e d   in   t h e  i n v e r s i o n   p r o c e s s   of  U .S .   P a t e n t   4 , 1 9 9 , 3 6 9   a r e  

a l k a l i   m e t a l   or  ammonium  s a l t s   of  a l k y l p h e n o x y -   or  h i g h e r  

a l k o x y - p o l y ( e t h y l e n e o x y )   e t h a n o l   h a l f   e s t e r s   of  s u l f u r i c   a c i d .  

The  h y d r o p h o b i c   c e l l u l o s e - r e a c t i v e   s i z i n g   a g e n t s   w h i c h  

have   been   f o u n d   to   be  p a r t i c u l a r l y   u s e f u l   as  t he   s e c o n d   c o m -  

p o n e n t   of  t h e   d i s p e r s e d   p h a s e   a r e   k e t e n e   d i m e r s ,   a c i d   a n h y -  
d r i d e s   and  o r g a n i c   i s o c y a n a t e s .  



K e t e n e   d i m e r s   u s e d   as  c e l l u l o s e - r e a c t i v e   s i z i n g   a g e n t s  

a r e   d i m e r s   h a v i n g   t h e   f o r m u l a :  

w h e r e   R ' ' '   i s   a  h y d r o c a r b o n   r a d i c a l ,   s u c h   as  a l k y l   h a v i n g   a t  

l e a s t   8  c a r b o n   a t o m s ,   c y c l o a l k y l   h a v i n g   a t   l e a s t   6  c a r b o n  

a t o m s ,   a r y l ,   a r a l k y l   and  a l k a r y l .   In  n a m i n g   k e t e n e   d i m e r s ,  

t h e   r a d i c a l   "R"  i s   named  f o l l o w e d   by  " k e t e n e   d i m e r " .   T h u s ,  

p h e n y l   k e t e n e   d i m e r   i s :  

b e n z y l   k e t e n e   d i m e r   i s :  

and  d e c y l   k e t e n e   d i m e r   i s   [ C 1 0 H 2 1 - C H = C = O ] 2 .   E x a m p l e s  

of  k e t e n e   d i m e r s   i n c l u d e   o c t y l ,   d e c y l ,   d o d e c y l ,   t e t r a d e c y l ,  

h e x a d e c y l ,   o c t a d e c y l ,   e i c o s y l ,   d o c o s y l ,   t e t r a c o s y l ,   p h e n y l ,  

b e n z y l ,   b e t a - n a p t h y l   and  c y c l o h e x y l   k e t e n e   d i m e r s ,   as  w e l l   a s  

t h e   k e t e n e   d i m e r s   p r e p a r e d   by  known  m e t h o d s   f rom  m o n t a n i c  

a c i d ,   n a p h t h e n i c   a c i d ,  Δ 9 , 1 0 - d e c y l e n i c   a c i d ,  Δ 9 , 1 0 - d o -  

d e c y l e n i c   a c i d ,   p a l m i t o l e i c   a c i d ,   o l e i c   a c i d ,   r i c i n o l e i c   a c i d ,  

l i n o l e i c   a c i d ,   and  e l e o s t e a r i c   a c i d ,   as  w e l l   as  k e t e n e   d i m e r s  

p r e p a r e d   f r o m   n a t u r a l l y   o c c u r r i n g   m i x t u r e s   of  f a t t y   a c i d s ,  



s u c h   as  t h o s e   m i x t u r e s   f o u n d   in  c o c o n u t   o i l ,   b a b a s s u   o i l ,   p a l m  

k e r n e l   o i l ,   pa lm  o i l ,   o l i v e   o i l ,   p e a n u t   o i l ,   r a p e   o i l ,   b e e f  

t a l l o w ,   l a r d   ( l e a f )   and  w h a l e   b l u b b e r .   M i x t u r e s   of  any  of  t h e  

a b o v e - n a m e d   f a t t y   a c i d s   w i t h   e a c h   o t h e r   may  a l s o   be  u s e d .  

A c i d   a n h y d r i d e s   u s e f u l   as  c e l l u l o s e - r e a c t i v e   s i z i n g  

a g e n t s   f o r   p a p e r   a r e   w e l l - k n o w n   in  t h e   a r t   and  i n c l u d e   (A)  

r o s i n   a n h y d r i d e ,   s e e   U n i t e d   S t a t e s   P a t e n t   3 , 5 8 2 , 4 6 4 ;   (B)  a n h y -  

d r i d e s   h a v i n g   t h e   s t r u c t u r e  

w h e r e   R1  i s   a  s a t u r a t e d   or  u n s a t u r a t e d   h y d r o c a r b o n   r a d i c a l ,  

t h e   h y d r o c a r b o n   r a d i c a l   b e i n g   a  s t r a i g h t   or  b r a n c h e d   c h a i n  

a l k y l   r a d i c a l ,   an  a r o m a t i c   s u b s t i t u t e d   a l k y l   r a d i c a l ,   or  a n  

a l k y l   s u b s t i t u t e d   a r o m a t i c   r a d i c a l   so  l o n g   as  t h e   h y d r o c a r b o n  

r a d i c a l   c o n t a i n s   a  t o t a l   of  f rom  a b o u t   14  to   36  c a r b o n   a t o m s ;  

and  (C)  c y c l i c   d i c a r b o x y l i c   a c i d   a n h y d r i d e s   h a v i n g   t h e   s t r u c -  

t u r e :  

w h e r e   R'  r e p r e s e n t s   a  d i m e t h y l e n e   or  t r i m e t h y l e n e   r a d i c a l   a n d  

w h e r e   R"  i s   a  h y d r o c a r b o n   r a d i c a l   c o n t a i n i n g   more  t h a n   7  c a r -  

bon  a t o m s   and  i s   p r e f e r a b l y   a l k y l ,   a l k e n y l ,   a r a l k y l   or  a r a l -  

k e n y l .   S u b s t i t u t e d   c y c l i c   d i c a r b o x y l i c   a c i d   a n h y d r i d e s   f a l l -  

ing   w i t h i n   t h e   a b o v e   f o r m u l a   ( I I )   a r e   s u b s t i t u t e d   s u c c i n i c   a n d  

g l u t a r i c   a n h y d r i d e s .   In  f o r m u l a   ( I )   a b o v e   e a c h   R1  can  b e  



t h e   same  h y d r o c a r b o n   r a d i c a l   or  e a c h   R l  c a n   be  a  d i f f e r e n t  

h y d r o c a r b o n   r a d i c a l .  

S p e c i f i c   e x a m p l e s   of  a n h y d r i d e s   of  f o r m u l a   ( I )   a r e   m y r i s -  

t o y l   a n h y d r i d e ;   p a l m i t o y l   a n h y d r i d e ;   o l e o y l   a n h y d r i d e ;   a n d  

s t e a r o y l   a n h y d r i d e .  

S p e c i f i c   e x a m p l e s   of  a n h y d r i d e s   of  f o r m u l a   ( I I )   a r e   i s o -  

o c t a d e c e n y l   s u c c i n i c   a c i d   a n h y d r i d e ;   n - h e x a d e c e n y l   s u c c i n i c  

a c i d   a n h y d r i d e ;   d o d e c y l   s u c c i n i c   a c i d   a n h y d r i d e ;   d e c e n y l   s u c -  

c i n i c   a c i d   a n h y d r i d e ;   o c t e n y l   s u c c i n i c   a c i d   a n h y d r i d e ;   a n d  

h e p t y l   g l u t a r i c   a c i d   a n h y d r i d e .  

H y d r o p h o b i c   o r g a n i c   i s o c y a n a t e s   u s e d   as  s i z i n g   a g e n t s   f o r  

p a p e r   a r e   w e l l - k n o w n   in  t h e   a r t .   B e s t   r e s u l t s   a r e   o b t a i n e d  

when  t h e   h y d r o c a r b o n   c h a i n s   of  t h e   i s o c y a n a t e s   c o n t a i n   a t  

l e a s t   12  c a r b o n   a t o m s ,   p r e f e r a b l y   f r o m   14  to   36  c a r b o n   a t o m s .  

Such  i s o c y a n a t e s   i n c l u d e   r o s i n   i s o c y a n a t e ;   d o d e c y l   i s o c y a n a t e ;  

o c t a d e c y l   i s o c y a n a t e ;   t e t r a d e c y l   i s o c y a n a t e ;   h e x a d e c y l   i s o c y -  

a n a t e ;   e i c o s y l   i s o c y a n a t e ;   d o c o s y l   i s o c y a n a t e ;   6 - e t h y l d e c y l  

i s o c y a n a t e ;   6 - p h e n y l d e c y l   i s o c y a n a t e ;   and  p o l y i s o c y a n a t e s   s u c h  

as  1 , 1 8 - o c t a d e c y l   d i i s o c y a n a t e   and  1 , 1 2 - d o d e c y l   d i i s o c y a n a t e ,  

w h e r e i n   one   l o n g   c h a i n   a l k y l   g r o u p   s e r v e s   two  i s o c y a n a t e   r a d i -  

c a l s   and   i m p a r t s   h y d r o p h o b i c   p r o p e r t i e s   to   t h e   m o l e c u l e   as  a  

w h o l e .  

A q u e o u s   d i s p e r s i o n s   or  e m u l s i o n s   c o n t a i n i n g   f i n e l y  

d i v i d e d   p a r t i c l e s   of  h y d r o p h o b i c   c e l l u l o s e - r e a c t i v e   s i z i n g  

a g e n t s   a r e   known  c o m m e r c i a l l y .   S u c h  d i s p e r s i o n s   a r e   c o n v e n -  

t i o n a l l y   p r e p a r e d   by  s t i r r i n g   t h e   c e l l u l o s e - r e a c t i v e   s i z i n g  

a g e n t   i n t o   an  a q u e o u s   s o l u t i o n   of   an  e m u l s i f i e r   and   p a s s i n g  

t h e   p r e m i x   t h r o u g h   a  h o m o g e n i z e r .   E m u l s i f i e r s   c o n v e n t i o n a l l y  

e m p l o y e d   in   t h e   p r o d u c t i o n   of  e m u l s i o n s   of  c e l l u l o s e - r e a c t i v e  

s i z i n g   a g e n t s   a r e   s u i t a b l e .   Such   e m u l s i f i e r s   i n c l u d e   c a t i o n i c  

s t a r c h e s   t h a t   a r e   w a t e r - s o l u b l e   s t a r c h e s   c o n t a i n i n g   s u f f i c i e n t  

a m i n o   g r o u p s ,   q u a t e r n a r y   ammonium  or  o t h e r   c a t i o n i c   g r o u p s   t o  

r e n d e r   t h e   s t a r c h ,   as  a  w h o l e ,   c e l l u l o s e   s u b s t a n t i v e .   E x a m -  

p l e s   of   s u c h   c a t i o n i c   s t a r c h e s   a r e   t h e   c a t i o n i c   a m i n e - m o d i f i e d  

s t a r c h e s   d e s c r i b e d   in  U .S .   P a t e n t   3 , 1 3 0 , 1 1 8   and  t h e   k n o w n  

c a t i o n i c   s t a r c h   g r a f t   c o p o l y m e r s .   O t h e r   e m u l s i f i e r s   a r e   t h e  

w a t e r - s o l u b l e   c a t i o n i c   t h e r m o s e t t i n g   r e s i n s   o b t a i n e d   by  r e a c t -  

i ng   e p i c h l o r o h y d r i n   w i t h   a  w a t e r - s o l u b l e   a m i n o p o l y a m i d e   f o r m e d  



f rom  a  3  to   10  c a r b o n   d i b a s i c   c a r b o x y l i c   a c i d   and  a  p o l y a l k y l -  

ene  p o l y a m i n e   c o n t a i n i n g   f rom  2  to   8  a l k y l e n e   g r o u p s   ( s e e   U . S .  

P a t e n t   Nos .   2 , 9 2 6 , 1 1 6   &  2 , 9 2 6 , 1 5 4 ) ,   w i t h   a  w a t e r - s o l u b l e   p o l y -  

( d i a l l y l a m i n e )   ( s e e   U .S .   P a t e n t   No.  3 , 9 6 6 , 6 5 4 ) . ,   w i t h   c o n d e n -  

s a t e s   of  d i c y a n d i a m i d e   or  c y a n a m i d e   and  a  p o l y a l k y l e n e p o l y -  

a m i n e   ( s e e   U . S .   P a t e n t   No.  3 , 4 0 3 , 1 1 3 ) ,   w i t h   b i s - a m i n o p r o p y l -  

p i p e r a z i n e   or  c o n d e n s a t e s   t h e r e o f   w i t h   d i c y a n d i a m i d e   or  c y a n -  
a m i d e   ( s e e   U . S .   P a t e n t   No.  4 , 2 4 3 , 4 8 1 )   and  t h e   l i k e .  

The  d i s p e r s e d   p h a s e   of  t h e   c a t i o n i c   a q u e o u s   d i s p e r s i o n s  

of  t h i s   i n v e n t i o n   c o n t a i n s   b o t h   f i n e l y   d i v i d e d   p a r t i c l e s   of  a  

h y d r o p h o b i c   c e l l u l o s e - r e a c t i v e   s i z e   and  f i n e l y   d i v i d e d   p a r t i -  

c l e s   of  f o r t i f i e d   r o s i n   and  i t   has   b e e n   f o u n d   t h a t   t h e   d i s -  

p e r s e d   p h a s e   s h o u l d   c o m p r i s e   a t   l e a s t   10  w e i g h t   %  of  e a c h   i f  

t h e   a d v a n t a g e s   of  t h i s   i n v e n t i o n   a r e   to   be  r e a l i z e d .   T h u s ,  

t h e   w e i g h t   r a t i o   of  t h e   f o r t i f i e d   r o s i n   s i z e   to  t h e   c e l l u l o s e -  

r e a c t i v e   s i z e   w i l l   r a n g e   f rom  0 . 1 : 1   to   1 0 : 1 .   The  mos t   p r a c t i -  

c a l   r a n g e ,   h o w e v e r ,   i s   f rom  0 . 2 : 1   to   5 :1   and  t h i s   i s   t h e   p r e -  

f e r r e d   r a n g e .  
The  a q u e o u s   d i s p e r s i o n s   of  t h i s   i n v e n t i o n   a l s o   c o n t a i n ,  

as  s t a t e d ,   a  w a t e r - s o l u b l e   n i t r o g e n - c o n t a i n i n g   c a t i o n i c   d i s -  

p e r s i n g   a g e n t .   Any  c a t i o n i c   n i t r o g e n - c o n t a i n i n g   d i s p e r s i n g  

a g e n t   w h i c h   i s   w a t e r - s o l u b l e   and  c o n f e r s   a  p o s i t i v e   s u r f a c e  

c h a r g e   to   t h e   p a r t i c l e s   of  t h e   d i s p e r s e   p h a s e   of  t h e   d i s p e r -  

s i o n   i s   s u i t a b l e .   N i t r o g e n - c o n t a i n i n g   d i s p e r s i n g   a g e n t s   o f  

t h i s   t y p e   a r e   w e l l - k n o w n   to  t h e   a r t   and  a r e   a v a i l a b l e   c o m m e r -  

c i a l l y .   T y p i c a l l y ,   t h e   d i s p e r s i n g   a g e n t s   a r e   q u a t e r n a r y  
ammonium  c o m p o u n d s ;   h o m o p o l y m e r s   or  c o p o l y m e r s   of  e t h y l e n i -  

c a l l y   u n s a t u r a t e d   a m i n e s ;   t h e   r e s i n o u s   r e a c t i o n   p r o d u c t s   o f  

e p i h a l o h y d r i n s   and  p o l y a m i n o p o l y a m i d e s ,   a l k y l e n e p o l y a m i n e s ,  

p o l y ( d i a l l y l a m i n e s ) ,   b i s - a m i n o p r o p y l p i p e r a z i n e ,   d i c y a n d i a m i d e  

(or   c y a n a m i d e )   - p o l y a l k y l e n e   p o l y a m i n e   c o n d e n s a t e s ,   d i c y a n d i -  

amide   (or   c y a n a m i d e )   - f o r m a l d e h y d e   c o n d e n s a t e s ,   and  d i c y a n d i -  

a m i d e   (o r   c y a n a m i d e )   - b i s - a m i n o p r o p y l p i p e r a z i n e   c o n d e n s a t e s ;  

and  c a t i o n i c   s t a r c h e s   and  p a r t i c u l a r l y   s t a r c h   e t h e r s   c o n t a i n -  

ing   amino   or  q u a t e r n a r y   ammonium  g r o u p s .   P a r t i c u l a r l y   p r e -  
f e r r e d   a r e   c a t i o n i c   s t a r c h   and  t h e   r e s i n o u s   r e a c t i o n   p r o d u c t s  

of  e p i c h l o r o h y d r i n   w i t h   an  a m i n o p o l y a m i d e ,   an  a l k y l e n e p o l y -  

a m i n e ,   a  p o l y ( d i a l l y l a m i n e )   or  a  d i c y a n d i a m i d e - p o l y a l k y l e n e -  



p o l y a m i n e   c o n d e n s a t e .   The  d i s p e r s i n g   a g e n t s   can   be  u s e d  

s i n g l y ,   in  c o m b i n a t i o n   w i t h   e a c h   o t h e r   or  in  c o m b i n a t i o n   w i t h  

a n i o n i c   or  n o n i o n i c   d i s p e r s i n g   a g e n t s .  

The  m i n i m u m   a m o u n t   of  c a t i o n i c   d i s p e r s i n g   a g e n t   u s e d  

m u s t ,   of  c o u r s e ,   be  s u f f i c i e n t   to  r e n d e r   t h e   d i s p e r s i o n   c a t i -  

o n i c .   The  a m o u n t   u s e d   w i l l   v a r y ,   of  c o u r s e ,   d e p e n d i n g   u p o n  

the  water   s o l u b i l i t y ,   the  i n i t i a l   a n i o n i c   or  c a t i o n i c   s t r e n g t h   of  t h e  

d i s p e r s i o n s   used ,   and  the  c a t i o n i c   s t r e n g t h   of  the  p a r t i c u l a r   a g e n t  

e m p l o y e d .   U s u a l l y ,   t h e   a m o u n t   w i l l   r a n g e   f r o m   a b o u t   5  to  a b o u t  

140 ,   p r e f e r a b l y   20  to   120  and  more   p r e f e r a b l y  

f r o m   40  to   100  w e i g h t   %  b a s e d   on  t h e   d i s p e r s e d   p h a s e .   A m o u n t s  

l e s s   t h a n   a b o u t   5%  g e n e r a l l y   a r e   n o t   s u f f i c i e n t   to   r e n d e r   t h e  

d i s p e r s i o n   c a t i o n i c   and   a m o u n t s   g r e a t e r   t h a n   a b o u t   140%  h a v e  

n o t   b e e n   f o u n d   to   p r o v i d e   a d d i t i o n a l   a d v a n t a g e s   and  h e n c e   a r e  

n o t   n e c e s s a r y .  
The  c a t i o n i c   d i s p e r s i o n s   of  t h i s   i n v e n t i o n   can   be  p r e -  

p a r e d   at   any   c o n v e n i e n t   c o n c e n t r a t i o n .   P a r t i c u l a r l y   u s e f u l  

a r e   d i s p e r s i o n s   i n   w h i c h   t h e   d i s p e r s e d   p h a s e   i s   a b o u t   5  t o  

70%,  p r e f e r a b l y   10  to   55%,  t h e   d i s p e r s i n g   a g e n t   i s   1  to   1 5 % ,  

p r e f e r a b l y   2  t o   10%  and   t h e   b a l a n c e   i s   w a t e r   to   100%.  T h e  

d i s p e r s i o n s   of   t h i s   i n v e n t i o n   can   a l s o   c o n t a i n   o t h e r   s i z i n g  

or  n o n - s i z i n g   i n g r e d i e n t s   p r o v i d e d   t h e i r   p r e s e n c e   d o e s   n o t  

d e s t r o y   t h e   a d v a n t a g e s   of  t h e   i n v e n t i o n .   P a r t i c u l a r l y   u s e f u l  

in   t h i s   r e s p e c t   i s   a l u m   w h i c h   i s   c o n v e n t i o n a l l y   u s e d   to   s e t  

r o s i n   s i z e .   O r d i n a r i l y ,   a lum  c a n n o t   b e  a d d e d   to   f o r t i f i e d  

r o s i n   p r i o r   t o   i t s   u s e   as   a  s i z i n g   a g e n t   f o r   p a p e r   and  m u s t  

be  a d d e d   s e p a r a t e l y   t o   an  a q u e o u s   s u s p e n s i o n   of  p a p e r m a k i n g  

f i b e r s   a t   v a r i o u s   s t a g e s   p r i o r   to   s h e e t   f o r m a t i o n   f o r   i n t e r n a l  

s i z i n g   or  a p p l i e d   t o   t h e   f o r m e d   s h e e t   p r i o r   t o ,   s i m u l t a n e o u s l y  
w i t h   or  f o l l o w i n g   a p p l i c a t i o n   of  t h e   r o s i n   in  e x t e r n a l   s i z i n g .  

Now  i t   has   b e e n   f o u n d   t h a t   a lum  in  any  a m o u n t   can   be  p r e s e n t  

in   t h e   a q u e o u s   c a t i o n i c   d i s p e r s i o n s   of  t h i s   i n v e n t i o n   w i t h o u t  

d e s t r o y i n g   s i z e   e f f i c i e n c y   and  t h a t   t h e   p r e s e n c e   of  a lum  p r o -  

v i d e s   an  o u t s t a n d i n g   a d v a n t a g e   in  c o n v e n i e n c e   w h i c h   was  n o t  

r e a l i z a b l e   h e r e t o f o r e .   In  g e n e r a l ,   when  a lum  i s   p r e s e n t ,   t h e  

a m o u n t   w i l l   r a n g e   f r o m   a b o u t   25  to  a b o u t   200%  b a s e d   on  t h e  

w e i g h t  o f   f o r t i f i e d   r o s i n   p a r t i c l e s .   The  m o s t   p r a c t i c a l  

r a n g e ,   h o w e v e r ,   i s   75  to   150%  and  t h i s   i s   t h e   p r e f e r r e d   r a n g e .  



O t h e r   a d d i t i v e s   s u c h   as  p r e s e r v a t i v e s   can   a l s o   be  p r e s e n t   i n  

s m a l l   a m o u n t s .  

The  n o v e l   d i s p e r s i o n s   of  t h i s   i n v e n t i o n   can   be  p r e p a r e d  

by  b l e n d i n g   a  p r e f o r m e d   d i s p e r s i o n   of  t h e   f o r t i f i e d  

r o s i n   p a r t i c l e s   w i t h   a  p r e f o r m e d   c a t i o n i c   d i s p e r s i o n   of  t h e  

h y d r o b i c   c e l l u l o s e - r e a c t i v e   s i z i n g   a g e n t .   They  can   a l s o   b e  

p r e p a r e d   by  m i x i n g   a  m e l t   or  o r g a n i c   s o l u t i o n   of  f o r t i f i e d  

r o s i n   and  t h e   c e l l u l o s e - r e a c t i v e   s i z e   in  a q u e o u s   medium  c o n -  

t a i n i n g   t h e   c a t i o n i c   d i s p e r s i n g   a g e n t   and  s u b j e c t i n g   t h e   m i x -  

t u r e   t o   c o n d i t i o n s   of  e x t r e m e   s h e a r ,   as  s e t   f o r t h   a b o v e .   M o d -  

i f i c a t i o n s   of  t h e   a b o v e   p r o c e d u r e s   a r e   a l s o   s u i t a b l e   and  a r e  

w i t h i n   t h e   s k i l l   of  t h e   a r t   to   w h i c h   t h e   i n v e n t i o n   p e r t a i n s .  

The  d i s p e r s i o n s   of  t h i s   i n v e n t i o n   a r e   p a r t i c u l a r l y   u s e -  

f u l   f o r   i n t e r n a l   or  s u r f a c e   s i z i n g   of  p a p e r   and  m a x i m i z e   t h e  

a d v a n t a g e s   of  t h e   i n d i v i d u a l   s i z i n g   c o m p o n e n t s   w h i l e   m i n i m i z -  

i ng   t h e   d i s a d v a n t a g e s .   The  d i s p e r s i o n s   p r o v i d e   i m p r o v e d   s i z -  

ing   u n d e r   c o n d i t i o n s   w h i c h   a r e   no t   p r a c t i c a l   f o r   c e l l u l o s e -  

r e a c t i v e   s i z e   d i s p e r s i o n s   a l o n e   or  f o r   f o r t i f i e d   r o s i n   d i s p e r -  

s i o n s   a l o n e ,   and  a l s o   p r o v i d e   t h e   f a s t   r a t e   of  c u r e   t y p i c a l   o f  

f o r t i f i e d   r o s i n   s i z e   and  t h e   h i g h   d e g r e e   of  s i z i n g   t y p i c a l   o f  

t h e   c e l l u l o s e - r e a c t i v e   s i z e s .   T h u s ,   by  m e a n s   of  t h i s   i n v e n -  

t i o n   i t   i s   p o s s i b l e   to   c o n t r o l   r e a d i l y   t h e   r a t e   and  d e g r e e   o f  

s i z i n g   u n d e r   n o r m a l   p a p e r   m i l l   c o n d i t i o n s   w h e r e i n   a lum  i s   u s u -  

a l l y   p r e s e n t   and  to   u s e   pH  l e v e l s   w h i c h   p r o v i d e   p a p e r   h a v i n g  

e x c e l l e n t   p e r m a n e n c e   and  d u r a b i l i t y .   The  a q u e o u s   d i s p e r s i o n s  

can   be  a d d e d   to   t h e   p u l p   s u s p e n s i o n   a t   any  p o i n t   a f t e r   r e f i n -  

ing   i s   c o m p l e t e   and  p r i o r   to   s h e e t   f o r m a t i o n   or  can   be  a p p l i e d  

to   t h e   s h e e t   on  t h e   p a p e r   m a c h i n e ,   as  f o r   e x a m p l e ,   a t   t h e   s i z e  

p r e s s .   For   e i t h e r   of  t h e s e   u s e s ,   i t   i s   no t   n e c e s s a r y   to  p r e -  

p a r e   t h e   a q u e o u s   d i s p e r s i o n   in  a d v a n c e   and  s i m i l a r   a d v a n t a g e s  

can   be  a c h i e v e d   by  an  in  s i t u   f o r m a t i o n   of  t h e   d i s p e r s i o n   t h a t  

i s ,   by  s e p a r a t e l y   a d d i n g   to   t h e   p u l p   s u s p e n s i o n   at   t h e   same  o r  

a t   d i f f e r e n t   l o c a t i o n s ,   a  p r e f o r m e d   c a t i o n i c   d i s p e r s i o n   o f  

f o r t i f i e d   r o s i n   and  a  p r e f o r m e d   c a t i o n i c   d i s p e r s i o n   of  t h e  

c e l l u l o s e - r e a c t i v e   s i z i n g   a g e n t   and  i n t i m a t e l y   b l e n d i n g   t h e  

d i s p e r s i o n s   w i t h   t h e   p u l p   p r i o r   to  s h e e t   f o r m a t i o n .   S i m i -  

l a r l y ,   t h e   a q u e o u s   d i s p e r s i o n s   of  t h i s   i n v e n t i o n   can  be  f o r m e d  



in  s i t u   a t   t h e   s i z e   p r e s s   by  s i m u l t a n e o u s   or  s e p a r a t e   a d d i -  

t i o n s   of  t h e   i n d i v i d u a l   c a t i o n i c   c o m p o n e n t s   in   d i s p e r s i o n   f o r m  

and  b l e n d i n g .  

The  a m o u n t   of  d i s p e r s i o n   a d d e d   to   t h e   a q u e o u s   p u l p   s u s -  

p e n s i o n   ( i n t e r n a l   s i z i n g )   or   to   t h e   f o r m e d   p a p e r   s h e e t   ( e x t e r -  

n a l   s i z i n g )   s h o u l d   be  s u c h   as   to  p r o v i d e   a  r e t a i n e d   a m o u n t   o f  

f rom  a b o u t   0 . 0 1   to   a b o u t   1%  and  p r e f e r a b l y   f r o m   a b o u t   0 . 0 1   t o  

0.5%  by  w e i g h t   of  t h e   c o m b i n a t i o n   of  c e l l u l o s e - r e a c t i v e   s i z e  

and  f o r t i f i e d   r o s i n ,   b a s e d   on  t h e   d ry   w e i g h t   of  f i b e r .  

H a v i n g   g e n e r a l l y   o u t l i n e d   t h e   e m b o d i m e n t s   of  t h i s   i n v e n -  

t i o n ,   t h e   f o l l o w i n g   e x a m p l e s   c o n s t i t u t e   s p e c i f i c   i l l u s t r a t i o n s  

t h e r e o f .   A l l   p a r t s   and  p e r c e n t a g e s   a r e   by  w e i g h t   u n l e s s  

o t h e r w i s e   s p e c i f i e d .  

E x a m p l e   A 

A  k e t e n e   d i m e r   d i s p e r s i o n   h a v i n g   a  t o t a l   s o l i d s   of  15% 

and  c o n t a i n i n g   5.4%  k e t e n e   d i m e r   s o l i d s ,   1.4%  c a t i o n i c   s t a r c h  

and  8.2%  of   a  c a t i o n i c   r e s i n   p r e p a r e d   by  c o n d e n s i n g   1  mole   o f  

d i c y a n d i a m i d e   w i t h   1  m o l e   of  d i e t h y l e n e t r i a m i n e ,   and  r e a c t i n g  

t h e   c o n d e n s a t e   w i t h   1 . 2   m o l e   of  e p i c h l o r o h y d r i n   was  p r e p a r e d  

as  f o l l o w s .  

An  e m u l s i o n   of  a  k e t e n e   d i m e r   p r e p a r e d   f r o m   a  m i x t u r e   o f  

p a l m i t i c   and   s t e a r i c   a c i d s   was  p r e p a r e d   by  a d m i x i n g   880  p a r t s  
of  w a t e r ,   50  p a r t s   of   c a t i o n i c   c o r n   s t a r c h   and  10  p a r t s   o f  

s o d i u m   l i g n i n   s u l f o n a t e .   The  m i x t u r e   was  a d j u s t e d   to  a  pH  o f  

a b o u t   3 .5   w i t h   98%  s u l f u r i c   a c i d   and  h e a t e d   a t   9 0 - 9 5 ° C .   f o r  

a b o u t   1  h o u r .   W a t e r   was  t h e n   a d d e d   t o   t h e   m i x t u r e   in  a n  

a m o u n t   s u f f i c i e n t   to   p r o v i d e   a  m i x t u r e   of  1760  p a r t s   ( t o t a l  

w e i g h t ) .   Then   240  p a r t s   of  t h e   k e t e n e   d i m e r   w e r e   s t i r r e d   i n t o  

t h e   m i x t u r e   and  t h e   m i x t u r e   ( a t   6 5 ° C . )   was  h o m o g e n i z e d   in  o n e  

p a s s   t h r o u g h   an  h o m o g e n i z e r   a t   4000  p . s . i .   The  h o m o g e n i z e d  

p r o d u c t   ( a t   15%  t o t a l   s o l i d s   and  12%  k e t e n e   d i m e r   s o l i d s ,  

1 3 6 . 4   p a r t s )   was  t h e n   m i x e d   w i t h   1 3 6 . 4   p a r t s   of  an  18%  a q u e o u s  

s o l u t i o n   of  t h e   c a t i o n i c   r e s i n   and  2 7 . 2   p a r t s   of  w a t e r   and  t h e  

pH  was  a d j u s t e d   to   4 .0   to   4 . 5 .  

E x a m p l e   B 

A  c a t i o n i c   d i s p e r s i o n   of  f o r t i f i e d   r o s i n   h a v i n g   a  t o t a l  

s o l i d s   c o n t e n t   of  34.1%  and   c o n t a i n i n g   28.4%  of  r o s i n   s o l i d s  

and  5.7%  of   a  c a t i o n i c   r e s i n o u s   r e a c t i o n   p r o d u c t   of  1 . 2 5   m o l e s  



of  e p i c h l o r o h y d r i n   w i t h   an  a m i n o p o l y a m i d e   d e r i v e d   f rom  1  m o l e  

of  a d i p i c   a c i d   and  0 . 9 7   m o l e   of  d i e t h y l e n e t r i a m i n e   was  p r e -  

p a r e d   as  f o l l o w s .  

A  s o l u t i o n   was  p r e p a r e d   by  d i s s o l v i n g   300  p a r t s   of  f o r t i -  

f i e d   r o s i n   in   200  p a r t s   of  m e t h y l e n e   c h l o r i d e   o v e r   a  2 0 - m i n u t e  

p e r i o d .   The  f o r t i f i e d   r o s i n   c o n t a i n e d   7.5%  f u m a r i c   a c i d ,   s u b -  

s t a n t i a l l y   a l l   of  w h i c h   was  in  t h e   c o m b i n e d   or  a d d u c t e d   f o r m .  

The  f o r t i f i e d   r o s i n   was  p r e p a r e d   by  a d d u c t i n g   2 2 . 5   p a r t s   o f  

f u m a r i c   a c i d   w i t h   2 7 7 . 5   of  f o r m a l d e h y d e   t r e a t e d   t a l l   o i l   r o s i n  

a t   a  t e m p e r a t u r e   of  a b o u t   2 0 5 ° C .   u n t i l   s u b s t a n t i a l l y   a l l   o f  

t h e   f u r m a r i c   a c i d   had  r e a c t e d   and  t h e n   c o o l i n g   t h e   f o r t i f i e d  

r o s i n   to  room  t e m p e r a t u r e .   The  f o r t i f i e d   r o s i n   s o l u t i o n   w a s  

t h o r o u g h l y   m i x e d   w i t h   a  p r e b l e n d   of  480  p a r t s   of  t h e   a m i n o -  

p o l y a m i d e / e p i c h l o r o h y d r i n   r e s i n   a t   12.5%  s o l i d s   and  260  p a r t s  

w a t e r   and  t h e   m i x t u r e   was  h o m o g e n i z e d   t w i c e   a t   3000  p . s . i .  

The  m e t h y l e n e   c h l o r i d e   was  s u b s e q u e n t l y   r e m o v e d   by  d i s t i l l a -  

t i o n   u n d e r   r e d u c e d   p r e s s u r e   a t   60°C .   The  p r o d u c t   was  c o o l e d  

and  f i l t e r e d   t h r o u g h   a  100  mesh  s c r e e n ,   g i v i n g   750  p a r t s   of  a  

d i s p e r s i o n   h a v i n g   a  v i s c o s i t y   of  51  c p s .  

E x a m p l e s   1  to  8 

V a r i o u s   c o m p o s i t i o n s   we re   p r e p a r e d   by  m i x i n g   in  a  v e s s e l  

e q u i p p e d   w i t h   a  m a g n e t i c   s t i r r e r   50  p a r t s   of  t h e   c a t i o n i c   d i s -  

p e r s i o n   of  E x a m p l e   A  and  f r o m   a b o u t   9  to   a b o u t   44  p a r t s   of  t h e  

c a t i o n i c   d i s p e r s i o n   of  E x a m p l e   B.  D e t a i l s   of  t h e s e   e x a m p l e s  

and  t h e   r e s u l t i n g   c a t i o n i c   d i s p e r s i o n s   a r e   s e t   f o r t h   in  T a b l e  

I ,   b e l o w .  





E x a m p l e   9 

The  s i z i n g   e f f i c i e n c y   of  e a c h   of  t h e   a q u e o u s   c a t i o n i c  

d i s p e r s i o n s   of  E x a m p l e s   1  to  5  was  t e s t e d   by  p r e p a r i n g   h a n d -  

s h e e t s   u s i n g   v a r y i n g   a m o u n t s   of  s i z e   s o l i d s .   To  p r e p a r e   t h e  

h a n d s h e e t s ,   a  5 0 : 5 0   b l e n d   of  R a y o n i e r   b l e a c h e d   s o f t w o o d   a n d  

W e y e r h a e u s e r   b l e a c h e d   h a r d w o o d   k r a f t   p u l p   was  s u s p e n d e d   i n  

s t a n d a r d   h a r d   w a t e r   and  b e a t e n   to   500  C a n a d i a n   s t a n d a r d   f r e e -  

n e s s   in   a  N o b l e   and  Wood  c y c l e   b e a t e r .   The  p u l p   s l u r r y   w a s  

d i l u t e d   to   a  c o n s i s t e n c y   of  0.25%  in  t h e   p r o p o r t i o n e r .   A 

2 - l i t e r   p o r t i o n   of  t h e   s l u r r y   was  t r e a t e d   w i t h   s u f f i c i e n t   o f  

t h e   c a t i o n i c   d i s p e r s i o n   to   g i v e   v a r i o u s   p e r c e n t a g e s   of  s i z e ,  

and  w i t h   s u f f i c i e n t   p a p e r m a k e r s   a lum  to   g i v e   0.5%  a l u m ,   b a s e d  

on  t h e   w e i g h t   of  t h e   p u l p   and  d i l u t e d   to   0 . 025%  c o n s i s t e n c y  

in  o r d e r   to   f o r m   a  40  p o u n d / 3 0 0 0   f t . 2   s h e e t   a t   a  pH  of  6 . 5  

u s i n g   a  N o b l e   and  Wood  s h e e t   m a k i n g   a p p a r a t u s .   The  f o r m e d  

s h e e t s   w e r e   w e t - p r e s s e d   to   33%  s o l i d s   c o n t e n t   and  t h e n   d r i e d  

a t   1 0 5 ° C .   f o r   45  s e c o n d s   on  a  s t e a m   drum  d r i e r   to   3-4%  m o i s -  

t u r e .   The  s h e e t s   w e r e   t e s t e d   f o r   s i z e   p r o p e r t i e s   u s i n g   t h e  

H e r c u l e s   S i z e   T e s t   w i t h   t e s t   s o l u t i o n   N o .  2   to   80%  r e f l e c t -  

a n c e .   The  o f f - m a c h i n e   d a t a   were   o b t a i n e d   w i t h i n   two  m i n u t e s  

of  d r y i n g   and  t h e   n a t u r a l   aged   d a t a   a f t e r   7  d a y s   of  s t o r a g e  

a t   room  t e m p e r a t u r e   and  50%  r e l a t i v e   h u m i d i t y .   S i z e   r e s u l t s  

f o r   t h e s e   t r i a l s   and  f o r   7  c o n t r o l s   p r e p a r e d   in  t h e   same  m a n -  

n e r   e x c e p t   t h a t   t h e   d i s p e r s i o n   of  E x a m p l e   A  or  E x a m p l e   B  w a s  

a d d e d   to   t h e   p o r t i o n   of  s l u r r y   a r e   s e t   f o r t h   in  T a b l e   I I ,  

b e l o w .  
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The  a q u e o u s   d i s p e r s i o n s   of  E x a m p l e s   6  to   8  w e r e   u s e d   t o  

p r e p a r e   i n t e r n a l l y   s i z e d   p a p e r   on  a  p i l o t   p a p e r   m a c h i n e .   T h e  

p a p e r   was  made  f r o m   a  5 0 : 5 0   b l e n d   of  h a r d w o o d   and  s o f t w o o d  

k r a f t   p u l p   b e a t e n   t o   a  C a n a d i a n   s t a n d a r d   f r e e n e s s   of  500  a n d  

f o r m e d   i n t o   s h e e t s   h a v i n g   a  b a s i s   w e i g h t   of  40  p o u n d s / 3 0 0 0  
f t . 2   a t   a  pH  of  6 .4   t o   6 . 6 .   Each  d i s p e r s i o n   was  a d d e d   t o  

t h e   t h i c k   s t o c k   j u s t   p r i o r   to  d i l u t i o n   a t   t h e   f a n   p u m p .  

P a p e r m a k e r s   a l u m ,   i f   u s e d ,   was  a d d e d   s i m u l t a n e o u s l y   w i t h   t h e  

d i s p e r s i o n .   The  s i z e d   s h e e t s   were   d r i e d   to  3%  m o i s t u r e   b e f o r e  

t h e   s i z e   p r e s s   and  to   4%  m o i s t u r e   a t   t h e   r e e l .   The  s i z e   p r e s s  

c o n t a i n e d   a  6%  s o l u t i o n   of  o x i d i z e d   c o r n   s t a r c h .   The  s i z i n g  

was  m e a s u r e d   by  t h e   H e r c u l e s   S i z e   T e s t   w i t h   t e s t   s o l u t i o n   N o .  

2  to   80%  r e f l e c t a n c e   on  s a m p l e s   t a k e n   b e f o r e   t h e   s i z e   p r e s s ,  

a t   t h e   r e e l   ( o f f - t h e - m a c h i n e )   and  a f t e r   7  d a y s   s t o r a g e   a t   r o o m  

t e m p e r a t u r e   and  50%  r e l a t i v e   h u m i d i t y .   The  s i z e   t e s t   r e s u l t s  

f o r   t h e s e   t r i a l s   and  f o r   6  c o n t r o l s   p r e p a r e d   in   t h e   same  m a n -  

ne r   e x c e p t   t h a t   t h e   d i s p e r s i o n   of  E x a m p l e   A  or  E x a m p l e   B  w a s  

a d d e d   to   t h e   t h i c k   s t o c k   a r e   s e t   f o r t h   in  T a b l e   I I I ,   b e l o w .  



The  f o r e g o i n g   T a b l e   c l e a r l y   d e m o n s t r a t e s   t h a t   m a r k e d  

i m p r o v e m e n t   in  s i z i n g   i s   o b t a i n e d   w i t h   t h e   c o m p o s i t i o n s   o f  

t h i s   i n v e n t i o n   u n d e r   c o n d i t i o n s   w h i c h   a r e   no t   p r a c t i c a l   f o r  

k e t e n e   d i m e r   d i s p e r s i o n s   a l o n e   ( c o n t r o l   t r i a l   7)  or  f o r   f o r t i -  

f i e d   r o s i n   d i s p e r s i o n s   a l o n e   ( c o n t r o l   t r i a l s   8  and  9 ) .   T h e  

d a t a   f u r t h e r   show  t h a t   t h e   c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   p r o -  
v i d e   t h e   f a s t   r a t e   of  c u r e   t y p i c a l   of  r o s i n   s i z e   and  t h e   h i g h  

d e g r e e   of  s i z i n g   t y p i c a l   of  k e t e n e   d i m e r   s i z e ,   and  t h a t   t h e  

r a t e   and  d e g r e e   of  s i z i n g   c an   be  c o n t r o l l e d   r e a d i l y   u n d e r  

n o r m a l   m i l l   c o n d i t i o n s   w h e r e i n   a lum  i s   u s u a l l y   p r e s e n t   and  a t  

pH  l e v e l s   w h i c h   p r o v i d e   p a p e r   w i t h   e x c e l l e n t   p e r m a n e n c e   a n d  

d u r a b i l i t y .  

E x a m p l e   C 

A  d i s p e r s i o n   h a v i n g   a  t o t a l   s o l i d s   of  51%  and  c o n t a i n i n g  

by  w e i g h t   21.2%  of  f o r t i f i e d   r o s i n ,   4.3%  of  t he   c a t i o n i c  

r e s i n o u s   r e a c t i o n   p r o d u c t   of  E x a m p l e   B  a n d   25.5%  of  a lum  w a s  

p r e p a r e d   by  b l e n d i n g   50  p a r t s   of  t h e   d i s p e r s i o n   of  E x a m p l e   B 

w i t h   1 7 . 1   p a r t s   of  a lum  ( A 1 2 ( S 0 4 ) 3 . 1 8 H 2 0 ) .  
E x a m p l e s   11  and  12  

Two  c o m p o s i t i o n s   w e r e   p r e p a r e d   by  m i x i n g   in  a  v e s s e l  

e q u i p p e d   w i t h   a  m a g n e t i c   s t i r r e r   50  p a r t s   of  t he   c a t i o n i c   d i s -  

p e r s i o n   of  E x a m p l e   A  and  30  p a r t s   ( E x a m p l e   11)  or  60  p a r t s  



( E x a m p l e   12)  of  t h e   d i s p e r s i o n   of  E x a m p l e   C.  The  c a t i o n i c  

d i s p e r s i o n   of  E x a m p l e   11  c o n t a i n e d ,   by  w e i g h t   of  t h e   t o t a l  

c o m p o s i t i o n ,   7.95%  of  f o r t i f i e d   r o s i n ,   3.41%  of  k e t e n e   d i m e r ,  

7 .58%  of  t h e   m i x e d   c a t i o n i c   d i s p e r s i n g   a g e n t   and  9 .56%  of  a l u m  

and   had  a  t o t a l   s o l i d s   c o n t e n t   of  2 8 . 5 % .   The  c a t i o n i c   d i s p e r -  

s i o n   of  E x a m p l e   12  c o n t a i n e d ,   by  w e i g h t   of  t h e   t o t a l   c o m p o s i -  

t i o n ,   1 1 . 5 6 %   of  f o r t i f i e d   r o s i n ,   2.48%  of  k e t e n e   d i m e r ,   6 . 6 8 %  

of  t h e   m i x e d   d i s p e r s i n g   a g e n t   and  13 .90%  of  a lum  and  had  a  

t o t a l   s o l i d s   c o n t e n t   of  3 4 . 6 % .  

The  e f f i c i e n c y   of  t h e   a q u e o u s   d i s p e r s i o n s   of  t h e s e  

e x a m p l e s   to   s u r f a c e   s i z e   p a p e r   was  e v a l u a t e d   u s i n g   u n s i z e d  

b l e a c h e d   k r a f t   p a p e r   (40  l b s . / 3 0 0 0   f t . 2 )   made  a t   a  pH  o f  

6 . 5 .   The  s h e e t s   we re   t r e a t e d   u s i n g   a  s m a l l   h o r i z o n t a l   l a b o r a -  

t o r y   s i z e   p r e s s   by  a d d i n g   s a m p l e s   of  t h e   a q u e o u s   d i s p e r s i o n s  

to   t h e   n i p   of   t h e   s i z e   p r e s s   and  p a s s i n g   s h e e t s   of  p a p e r  
t h r o u g h   t h e   d i s p e r s i o n   b e f o r e   b e i n g   s q u e e z e d   by  t h e   r o l l s   o f  

t h e   s i z e   p r e s s .   U n d e r   t h e s e   c o n d i t i o n s   t h e   s h e e t s   p i c k e d   u p  
a b o u t   70%  of   t h e i r   w e i g h t   of   s i z e   p r e s s   d i s p e r s i o n .   The  s i z e d  

s h e e t s   w e r e   d r i e d   f o r   a b o u t   20  s e c o n d s   a t   93°C.   to   a  m o i s t u r e  

c o n t e n t   of   a b o u t   5%.  S i z i n g   was  d e t e r m i n e d   by  t h e   H e r c u l e s  

S i z e   T e s t   u s i n g   t e s t   s o l u t i o n   N o .  2   to   a  r e f l e c t a n c e   of  80% 

w i t h i n   2  m i n u t e s   of  d r y i n g   ( o f f - t h e - m a c h i n e )   and  a f t e r   7  d a y s  

of   s t o r a g e   a t   room  t e m p e r a t u r e   and  50%  r e l a t i v e   h u m i d i t y  

( n a t u r a l   a g e d ) .   The  s i z e   r e s u l t s   f o r   t h e s e   e x a m p l e s   and  f o r  

f i v e   c o n t r o l s   w h e r e i n   p a p e r   was  t r e a t e d   in  t h e   same  m a n n e r  

e x c e p t   t h a t   t h e   d i s p e r s i o n s   of  E x a m p l e s   A,  B  or  C  we re   u s e d  

as  t h e   s i z i n g   c o m p o s i t i o n ,   a r e   s e t   f o r t h   b e l o w   in  T a b l e   I V .  



(1)  Alum,   in   an  a m o u n t   e q u a l   to   0.07%  b a s e d   on  t h e   w e i g h t   o f  

dry   p u l p ,   was  a d d e d   to   t h e   n i p   of  t h e   s i z e   p r e s s ,   as  an  a q u e -  

ous  s o l u t i o n   s i m u l t a n e o u s l y   w i t h   t h e   d i s p e r s i o n   of  E x a m p l e   B .  



1.  As  a  c o m p o s i t i o n   of  m a t t e r ,   a  c a t i o n i c   aqueous  s i z i n g   d i s -  

p e r s i o n   h a v i n g   as  t h e   c o n t i n u o u s   p h a s e   an  a q u e o u s   s o l u t i o n  

c o n t a i n i n g   a t   l e a s t   one  w a t e r - s o l u b l e   n i t r o g e n - c o n t a i n i n g  

c a t i o n i c   d i s p e r s i n g   a g e n t   and  as  t h e   d i s p e r s e d   p h a s e   ( a )  

f i n e l y   d i v i d e d   p a r t i c l e s   of  f o r t i f i e d   r o s i n   and  (b)  f i n e l y  

d i v i d e d   p a r t i c l e s   of  a  h y d r o p h o b i c ,   c e l l u l o s e - r e a c t i v e   s i z i n g  

a g e n t   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of  k e t e n e   d i m e r s ,  

o r g a n i c   a c i d   a n h y d r i d e s ,   o r g a n i c   i s o c y a n a t e s   and  m i x t u r e s  

t h e r e o f ,   t h e   w e i g h t   r a t i o   of  ( a ) : ( b )   in   s a i d   d i s p e r s e d   p h a s e  

b e i n g   w i t h i n   t h e   r a n g e   of  0 . 1 : 1   to   1 0 : 1 ,   and  t h e   a m o u n t   o f  

d i s p e r s i n g   a g e n t   b e i n g   w i t h i n   t h e   r a n g e   of  a b o u t   5  to   a b o u t  

140%  b a s e d   on  t h e   w e i g h t   of  t h e   d i s p e r s e d   p h a s e .  

2.  The  c o m p o s i t i o n   of  c l a i m   1  in   w h i c h   t h e   a q u e o u s   d i s -  

p e r s i o n   a l s o   c o n t a i n s   f rom  a b o u t   25  to   a b o u t   200%  a lum  b a s e d  

on  t h e   w e i g h t   of  f o r t i f i e d   r o s i n   p a r t i c l e s .  

3.  The  c o m p o s i t i o n   of  c l a i m   1  in  w h i c h   t h e   c e l l u l o s e -  

r e a c t i v e   s i z e   i s   a  k e t e n e   d i m e r .  

4.  The  c o m p o s i t i o n   of  c l a i m   3  in   w h i c h   t h e   d i s p e r s i n g  

a g e n t   i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of  c a t i o n i c  

s t a r c h e s   and   t h e   r e s i n o u s   r e a c t i o n   p r o d u c t s   of  e p i c h l o r o h y d r i n  

w i t h   an  a m i n o p o l y a m i d e ,   an  a l k y l e n e p o l y a m i n e ,   a  p o l y ( d i a l l y l -  

a m i n e )   or  a  d i c y a n d i a m i d e - p o l y a l k y l e n e p o l y a m i n e   c o n d e n s a t e .  

5.  A  m e t h o d   of  s i z i n g   p a p e r   or  p a p e r   b o a r d   f r o m   c e l l u -  

l o s e   s t o c k   w h i c h   c o m p r i s e s   a p p l y i n g   as  a  s i z e   in  a  p a p e r m a k i n g  

m a c h i n e   s i z i n g   p r o c e s s ,   t h e   c o m p o s i t i o n   of  c l a i m   1 .  

6.  The  m e t h o d   of  c l a i m   5  w h e r e i n   t h e   s i z i n g   p r o c e s s   i s  

an  i n t e r n a l   s i z i n g   p r o c e s s .  



7.  The  m e t h o d   of  c l a i m   5  w h e r e i n   t h e   s i z i n g   p r o c e s s   i s  

a  s u r f a c e   s i z i n g   p r o c e s s .  

8.  A  p a p e r   or  p a p e r b o a r d   p r o d u c t   c o m p r i s i n g   s h e e t e d  

c e l l u l o s i c   f i b e r s   s i z e d   w i t h   t h e   c o m p o s i t i o n   of  c l a i m   1 .  

9.  The  p r o d u c t   of  c l a i m   8  in   w h i c h   t h e   c e l l u l o s i c   f i b e r s  

a r e   i n t e r n a l l y   s i z e d .  

10.  The  p r o d u c t   of  c l a i m   8  in   w h i c h   t h e   c e l l u l o s i c  

f i b e r s   a r e   s u r f a c e   s i z e d .  
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